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c a mpt imp. AND ANALYSIS O* OT-AmnWS BY TRAPPING REACTION 
COMPONENT S ON A SORBENT 

RAPK-nROUND OF ™ * INVENTION 

5 Technical Field 

The present invention relates to a method and apparatus for analyzing 
reaction mixtures, and relates more particularly, to a method and apparatus for 
screening combinatorial libraries. 

10 Discussion 

Combinatorial chemistry refers generally to methods for rapidly creating- 
vast collections of compounds having diverse structures-and to methods for rapidly 
testing or screening chemical libraries to identify and optimize structures exhibiting 
desired properties. 

1 5 Combinatorial chemistry is an effective research strategy for discovering 

useful materials. For example, pharmaceutical scientists have successfully used such 
techniques to dramatically increase the speed of drug discovery. Material scientists 
have employed combinatorial methods to develop novel high temperature 
superconductors, magnetoresistive materials, and phosphors. More recently, 
20 scientists have applied combinatorial methods to develop catalysts. See, for example, 
co-pending U.S. patent application no. 08/327,513 "The Combinatorial Synthesis of 
Novel Materials" (published as WO 96/1 1878) and co-pending U.S. patent 
application no. 08/898,715 "Combinatorial Synthesis and Analysis of 
Organometallic Compounds and Catalysts" (published as WO 98/03521), which are 
25 both herein incorporated by reference. 

Combinatorial libraries may consist of molecules free in solution, bound to 
solid particles, or arrayed on a solid support, and can be prepared in at least two 
different ways. In one method, often called split synthesis, a starting reactant is 
attached to a suitable solid support-polystyrene beads, for example- and the beads 
30 are split into two or more groups. Each group of beads is then treated with different 
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reagents or molecular building blocks. Once treated, the groups of beads are pooled, 
mixed, and split again into several groups. Each group of beads is then treated with 
different reagents from a second set of reagents that build on the compounds from 
the previous treatment step. The splitting, treating and pooling steps can be repeated 
5 many times with different sets of reagents resulting in a combinatorial library 
comprised of a large number of structurally diverse member compounds, each 
immobilized on discrete solid supports. 

In another method, often called parallel synthesis, individual library members 
are synthesized in separate vessels, or arrayed on planar solid supports (wafers) 
10 frequently using automated dispensing instruments. Each vessel or wafer array 

position is provided with a starting reactant, which is treated with different reactants 
or molecular building blocks. The treating step can be repeated many times with 
different sets of reagents resulting in a structurally diverse combinatorial library. 
Generally, split synthesis produces small quantities of a relatively large number of 
15 compounds, while parallel synthesis produces larger quantities of a relatively small 
number of compounds. But, even with parallel synthesis the quantity of each library 
member is typically only a few micrograms. 

Though when compared to traditional approaches, new and useful materials 
can be developed in less time using combinatorial methods, further efficiency gains 
20 can be achieved by improving library screening. Once a researcher creates a 

combinatorial library, he or she faces the daunting task of identifying a handful of 
promising materials out of a combinatorial library comprising hundreds, thousands 
or perhaps millions of compounds. Generally, the speed at which one may screen 
libraries for useful properties has not kept pace with the speed at which libraries can 
25 be created. 

Furthermore, screening library members for catalytic activity presents unique 
problems. For example, screening methods developed for solid phase catalysts are 
often unsuitable for use with solution phase catalysts. Furthermore, many screening 
methods developed for solution-phase catalysts, which rely on quantifying the 
30 amount of a desired product formed by contacting reactants with the catalysts, 
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on the sorbent. The contacting step, the trapping step, and the detecting step are 
carried out at least once for each of the reaction mixtures. 

In accordance with a third aspect of the present invention, there is provided 
an apparatus for analyzing reaction mixtures. The apparatus comprises a reaction 

5 block having wells formed along an upper surface, and a sorbent layer disposed 
above the upper surface of the reaction block such that the wells and the sorbent 
layer define vessels for containing the reaction mixtures. The sorbent layer is 
adapted to trap at least one fluid component of the reaction mixtures. 

In accordance with a fourth aspect of the present invention, there is provided 

10 an apparatus for analyzing reaction mixtures comprising vessels for containing each 
of the reaction mixtures, and discrete sorbent traps that are in fluid communication 
with the vessels. The sorbent traps are adapted to trap at least one fluid component 
of the reaction mixtures. 

In accordance with a fifth aspect of the present invention, there is provided 

1 5 an apparatus for screening reaction mixtures in which at least one constituent of ttw 
reaction mixtures is contained in depressions located along a top surface of a planar 
substrate. The apparatus comprises a heating block that is adapted to support the 
planar substrate and to provide thermal contact with a bottom surface of the planar 
substrate. The apparatus includes a gas permeable sorbent layer having an upper 

20 surface and a lower surface, in which the lower surface of the sorbent layer is 

disposed above the top surface of the planar substrate. The sorbent layer is adapted 
to trap at least one vapor phase component of the reaction mixtures. The apparatus 
further comprise a cover having an upper surface and a lower surface, the lower 
surface of the reactor cover disposed above the upper surface of the sorbent layer. 
25 Passageways are formed in the cover that extend from the lower to the upper 
surfaces of the cover and provide flow paths for vapor phase components of the 
reaction mixtures from the upper surface of the cover to the at least one constituent 
of the reactive mixture. 



30 
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Fig. 1 is a How chart illustrating the general features of the disclosed method. 

Fig. 2 shows a cross-sectional view of a portion of an apparatus that can be 
used to screen catalyst library members arrayed on a wafer. 
5 Fig. 3 shows a cross-sectional view of an apparatus that can be used to 

analyze liquid-phase reaction mixtures. 

Fig. 4 shows a cross-sectional view of an apparatus that can be used to 
analyze reaction mixtures, especially those comprising catalyst library members. 

Fig. 5 shows a cross-sectional view of a portion of an apparatus that can be 
10 used to screen catalyst library members with both gas-phase and liquid-phase 
reactants. 

Fig. 6 shows a cross-sectional view of a portion of an apparatus that can be 
used to screen catalyst library members with gas-phase reactants. 

Fig. 7 is a photograph of a TLC plate spotted with 2 microliter aliquots of 
1 5 reaction mixtures an J stuned with fluorescamine. 

Fig. 8 shows a typical bar plot of integrated fluorescence intensity of spots on 

a TLC plate. 

Fig. 9 shows a plot of fluorescence intensity of an aniline-fluorescamine 



20 



product versus the amount of aniline. 

HIT ATT FT- npcrpnmm OF TTTF P»™>»™ EMBODIMENTS 



The present invention provides a method and apparatus for rapidly analyzing 
reactions. Although one may use the invention to examine a broad range of gas and 
25 liquid-phase reactions, it is especially useful for screening combinatorial hbranes. 
As described below, an important application includes distinguishing library 
members based on their ability to catalyze a particular reaction. 

Fig. 1 illustrates general features of the method 10 for analyzing reaction 
mixtures 12. The method comprises the steps of contacting 14 a fluid sample from 
30 one of the reaction mixtures 12 with a sorbent, followed by trappmg 16 at least one 
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component of the fluid sample on the sorbent, and detecting 1 8 the trapped 
component or components. The fluid sample can be a liquid or a gas or a mixture of 
a gas and a liquid. Each of the reaction mixtures 12 can include, but is not limited to 
reactants, products, solvents, catalysts and activators. Typically, the trapped 
5 component is a reaction product, but it can be any ..did component of the reaction 
mixture, including a reactant. To speed analysis, the contacting 14 step or the 
detecting 1 8 step or both can be carried out for two or more of the reaction mixtures 
12 simultaneously (that is, in parallel). Normally, fluid samples from each of the 
reaction mixtures 12 are in contact with the sorbents for the same amount time. 
10 Sorbent contacting 14 can occur through many methods. For example, after 

loading reaction mixtures 12 in vessels, individual sorbent traps can be placed in the 
headspace of each of the vessels, so that during reaction the vapor phase of each of 
the reaction mixtures contacts the sorbent. Alternatively, the sorbent traps may be 
located outside of tK .cssels, but in fluid communication with the headspace of the 
15 vessels via conduits. In either case, if the reaction mixtures comprise a liquid phase 
and a vapor phase, the fraction of the component of interest in the vapor phase is 
generally different than the fraction of the same component in the liquid phase. This 
may lead to difficulties in comparing data among reaction mixtures. To minimize 
this problem, the reaction mixtures can be completely vaporized at the conclusion of 
20 reaction by heating or by applying vacuum or by heating and applying vacuum at the 
same time. 

Instead of individual traps, the sorbent may consist of a thin layer of sorbent. 
In such cases, the reaction mixtures 12 can be placed in vessels formed in a surface 
of a reaction block. One may then place the layer of sorbent on the surface of the 
25 reaction block so that vapor from each of the reaction mixtures contacts discrete 
areas of the sorbent layer during or following reaction. The sorbent layer may be 
disposed on a solid substrate, e.g., thin layer chromatography <TLC) plate, and may 
be discontinuous to help prevent component migration from one of the discrete 
contacting areas to another. Furthermore, the solid substrate can be gas permeable, 
30 allowing vapor from each of the reaction mixtures to pass through the sorbent layer 
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The gas permeable substrate is useful when analyzing gas-phase reactions— one may 
charge (pressurize) each of the vessels with one or more gaseous reactants, and then 
vent the mixture through the sorbent layer following reaction, trapping the desired 
component. 

5 When the fluid samples are liquids, one may use standard liquid transfer 

techniques for sorbent contacting. For example, a pipette or similar device can be 
used to withdraw a predetermined amount of fluid sample from a reaction mixture, 
and to apply the fluid sample on the sorbent. A multiple-tipped pipette, which is 
used to deliver liquid reagents to standard 96-well microliter plates, can be used to 
1 0 transfer fluid samples, either manually or automatically, from multiple reaction 

mixtures simultaneously. Because the volume of each fluid sample is small— a few 
microliters, say— fluid samples from numerous reaction mixtures can be applied to 
discrete locations on a sorbent layer, similar to "spotting" on TLC plates. 

The choice of sorbent depends on the nature of the trapped component 
1 5 including the component's size, polarity', charge, solubility in the fluid sample, and 
chemical structure. Useful sorbents generally include finely divided or microporous 
adsorbents used in solid phase extraction (SPE), liquid chromatography (adsorption 
and ionic exchange chromatography), and TLC. These materials include, but are not 
limited to, silica-with or without a bonded phase-activated alumina, magnesium 
20 silicate, graphitized carbon, dextran, agarose, cellulose, methacrylate, polystyrene, 
and divinylbenzene-polystyrene copolymer. Typical groups that comprise the silica 
bonded phase include butyldimethyl, octyl, octadecyl, cyanopropyl, diol, 
aminopropyl, phenyl, and phenyl polysiloxane. Other suitable sorbents include 
affinity chromatography media, which comprise a support matrix-cross-linked 
25 agarose, cellulose, or modified methacrylate, for instance-and ligands linked to the 
matrix. The ligands exhibit specific and reversible binding affinity for the trapped 
component. In some cases, spacer arms link small ligands to the matrix to improve 
bonding with the trapped component. 

Trapping 16 can occur through physical adsorption, chemisorption, 
30 absorption, or chemical bonding. The trapping mechanism depends on the chemical 
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structure of the sorbent and the component, and can strongly influence the detecting 
18 step. For example, certain detection techniques, such as gas chromatography, 
mass spectroscopy, and liquid chromatography, require the release of the component 
from the sorbent. Such detection techniques would preclude the use of a sorbent that, 
5 for example, irreversibly bonds to the component. Furthermore, choosing a sorbent 
that is highly selective for the component can improve the accuracy of the detecting 
1 8 step by reducing interference from other constituents of the fluid sample. 

The detecting 18 step may be quantitative, yielding an absolute measure of 
the amount of the trapped component. By repeating the contacting 14 step, the 
1 0 trapping 1 6 step, and the detecting 1 8 step during the course of reaction, one may 
determine rates of reaction from changes in the amount of the trapped component 
with time. Instead of quantitative data, the detecting 18 step may provide qualitative 
data, which one can use to rank reaction mixtures 12. 

In many cases, the component or components are detected while trapped on 
1 5 the sorbent. In one approach, the trapped component is detected by absorption 
spectroscopy, which involves measuring the absorption of radiant energy by the 
trapped component. Absorption can occur throughout the electromagnetic spectrum, 
ranging from the gamma region (nuclear resonance absorption) to the radio region 
(nuclear magnetic resonance), though generally absorption spectroscopy is 
20 performed in the ultraviolet, visible, and infrared regions of the electromagnetic 
spectrum. Through appropriate calibration, the absorption spectrum can be used to 
quantify the amount of the component trapped on the sorbent. 

In another approach, the sorbent is exposed to one or more indicator reagents 
to obtain a characteristic change in appearance of the sorbent resulting from an 
25 interaction or reaction of the indicator reagent with the trapped sorbent. Changes in 
appearance of the sorbent include changes in color that are visible to the eye or 
changes in fluoresence when the sorbent is exposed to ultraviolet light. Suitable 
indicator reagents (stains) include those used to visualize TLC spots. Table 1 lists 
some useful reagents for detecting various classes of components sampled from the 



30 reactions mixtures 12. 
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Table 1 . Indicator Reagents for 
Component Class 



Detection of Reaction Mixture Components. 



Acetylene 
Acid, organic 



Acid, organic aromatic 
1 Alcohols, hipher, phenols 
Aldehydes, Ketones 



Amides 
Amines, aliphatic 

Amines, primary 

Amines, seconda 
Amines, aromatic 

Amino acids 



Disulph ides 
Esters 

Heterocycles, N-containing 
Indole and derivatives 



| Bromocresol green 
Bromocresol green-bromophenol blue-potassium 

permanganate 
Bromocresol purple 
I Glucose-Aniline 



Hvdrogen Peroxide 
Vanillin-sulphuric acid 

I o-Diansidine 
4-Amino-5-hydrazino-l ,2,4-triazole-3-thiol 

biphenyl-2-amine 
2,4-Dinitrophenyhydrazine 

Malachite green 
Phosphomolybdic acid 



Keto acids 



Chlorine- pyrozolinone-cyanide 
Hvdroxylamine-ferric c hloride 
Nitroprusside(sodium)-acetaldehyde 
Nitroprusside(sodium)-ferricyanide 
1-Naphthaleneacetic anhydride 

Ninhydrin 
Fluorescamine 

Dansyl chloride 

Sodium nitrite-HCl-a-naphthol 
5-Chloro-4,6-dinitrobenzofuran 
2.6-dibromo-4-quinonechl orimine (Gibb's Reagent) 

2,4-Dinitrofluorobenzene 

Isatin-zinc acetate 

Hydroxylamine-ferric chloride 
Cupric sulphate-citrate 
Lead tetraacetate 
Lead tetraacetate-rosaniline 
Nitroprusside (sodium) 

Hvdroxvlamine-ferric chloride 

4-MethylumbelliferoneTet racvanoethvlene 

Cinnamaldehyde-HCl 
4-Dimethylaminobenzaldehyde-HCl 
4-Dimethylaminocinnamaldehyde 
Ferric chloride-perchloric acid 

Ferric chloride-sulphuric acid 

o-Phenvlenediamine-trichloroacetic acid 



—9— 



WO 00/14529 PCT/US99/20380 




10 



15 



For screening purposes, a visual comparison of stained sorbents is often 
sufficient to rank reaction mixtures. But, the use of indicator reagents along with 
devices for measuring color intensity-a charged couple device (CCD) camera or a 
spectrum analyzer, for example-can provide accurate quantitative as well as precise 
qualitative information about the reaction mixtures 12. Thus, a CCD camera, for 
instance, can distinguish between sorbent stains that appear similar to the unaided 
eye. Through proper calibration with standards, the CCD camera can also yield an 
absolute measure of the amount of the trapped component on the sorbent. One can 
use the quantitative data to calculate conversion, rates of reaction, catalyst 

selectivity, and the like. 

As mentioned above, gas chromatography, liquid chromatography, and mass 
spectroscopy, can be used in the detecting 1 8 step, but require removal of the trapped 
component from the sorbent (aosorption spectroscopy, including nuclear magnetic 
resonance spectroscopy, can also be used to detect the component after removal from 
the sorbent). The method for removing the trapped component depends on the nature 
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of the trapping mechanism, but typically includes heating the sorbent (thermal 
desorption) or washing the sorbent with a solvent, or a combination of thermal 
desorption and solvent washing. The solvent can be a gas or a liquid, and should 
exhibit a greater affinity for the trapped component than the sorbent at the removal 
temperature. 

Although the disclosed method can be used to study a broad range of gas and 
liquid-phase reactions, it is especially useful for screening catalyst libraries. Unless 
otherwise clear from its context, the term "catalyst" is used interchangeably to refer 
to metal complexes or pre-catalysts before activation, and to active catalyst species 
themselves. Also, the catalyst may not be an isolated complex, but instead may be a 
mixture of a ligand with a metal. In such cases, the ligand may be obtained from a 
ligand library, and later mixed with a metal or metal precursor to cause catalysis. 
Thus, library members can be ligands, which are not catalysts themselves, but must 
be at least mixed with a metal or metal precursor; library members can also be 
15 metal-ligand complexes fixtures of ligands and metals or metal precursors, and the 

like. 

The disclosed method of Fig. 1 can be readily applied to screening catalyst 
libraries made by parallel synthesis. Each library member is combined with one or 
more reactants to form the reaction mixtures 12. Each of the reaction mixtures 12 
can further include one or more solvents, activators, and other additives needed for 
reaction. In an initial or primary screen, each of the reaction mixtures usually differ 
only in the catalyst used. Once the primary screen identifies a set of leads or 
promising catalysts, the reaction mixtures and conditions can be varied in a 
secondary screen to further characterize the promising members of the catalyst 
25 library. 

During or after reaction, fluid samples from each of the reaction mixtures 12 
are contacted with a sorbent in order to trap at least one component of the fluid 
samples, which is typically a desired reaction product. Following the contacting 14 
and the trapping 16 steps, me trapped component or components are detected by the 
30 methods described earlier. These methods include: direct absorption spectroscopy of 
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the trapped component; staining the sorbent with an indicator reagent followed by 
fluorescence detection or colorimetric analysis; and removal of the component from 
the sorbent, followed by quantification using liquid chromatography, gas 
chromatography or mass spectroscopy. 
5 Fig. 2 - Fig. 6 show useful devices for carrying out the disclosed method. 

Although many of the devices are described in terms of screening libraries of 
catalysts, the various devices can be used to analyze a broad spectrum of reaction 
mixtures. 

Fig. 2 shows a cross-sectional view of a portion of an apparatus 40 that can 
10 be used to screen catalyst library members 42. The library members 42, along with 
other condensed-phase constituents of the reaction mixtures, are deposited in 
depressions 44 formed along an upper surface 46 of a planar substrate or wafer 48. A 
lower surface 50 of the wafer 48 is disposed on a heating block 52. Porous sorbent 
54 is deposited in depressions 56 formed along an upper surface 58 of a gas 
15 permeable solid layer 60. Alternatively, the sorbent can be deposited in depressions 
formed along a lower surface 62 of the gas permeable solid layer, or can compnse a 
continuous layer supported on either the upper surface 58 or the lower surface 62 of 
the gas permeable solid layer 60. The gas permeable solid layer 60 can comprise any 
inert, porous material, including glass, metal or polymer frits, quartz paper, or w,re 
20 mesh. Examples of polymer frits include those made from polyethylene or 

polytetrafluoroethylene (PTFE); "inert" means the material is chemically res.stant to 
the specific reaction mixtures it may contact during use. One may dispense w.th the 
gas permeable solid layer 60 if the sorbent can be formed into a dimensionally stable 
layer. 

25 As shown in Fig. 2, the gas permeable solid layer 60 is positioned above the 

wafer 48. An optional first gasket 64, which can be any inert, resilient matenal, 

.. . nf rAa^tinn mixture comoonents 

provides stress relief, and neips prevent ra. 6l a UU .. - r~a — - 

between library members 42. A cover 66, having an upper surface 68 and a lower 
surface 70 is disposed above the upper surface 58 of the gas permeable solid layer 
30 60 Anoptionalsecond g asket72issandwichedbetweenthelowersurface70ofthe 
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cover 66, and the upper surface 58 of the gas permeable solid layer 60. Like the first 
gasket 64, the second gasket 72 can be any inert, resilient material, provides stress 
rel ief, and helps prevent cross contamination of reaction mixtures. Clamps 74 or 
similar compressive fasteners holds the various parts of the apparatus 40 in place. 
5 Passageways 76 are formed in the cover 66 that extend from the lower 70 to 

the upper 68 surfaces of the cover 66 and provide flow paths for vapor phase 
components of the reaction mixtures. Thus, during screening, one or more gaseous 
reactants enter the apparatus 40 through the passageways 76, flow through the 
sorbent 54 and contact the library members 42 where they react. The heating block 
10 52 provides thermal energy, if needed to drive the reactions, and is either surrounded 
by a temperature-controlled heating blanket or immersed in a temperature-regulated 
bath. Alternatively, the heating block 52 can contain heating elements and 
temperature sensing devices— thermocouples (TC), thermistors, resistance 
thermometric devices (RTD), and the like— that communicate with a processor (not 
1 5 shown) that maintains tl.e temperature of each of the library members 42 at one or 
more pre-selected values. Reaction products diffuse away from the library members 
42 and contact the sorbent 54, which selectively traps one or more reaction products 
of interest. After the reactions are complete, one measures the relative or absolute 
amount of the trapped component in accordance with the detecting 18 step of Fig. 1. 
20 Fig. 3 shows a cross-sectional view of an apparatus 90 that can be used to 

analyze liquid-phase reaction mixtures 92. The apparatus comprises a reaction block 
94 having wells 96 formed along an upper surface 98 for containing the reaction 
mixtures 92. Optionally, each of the wells 96 can contain a removable lining 100— 
such as a glass insert— so that the reaction mixtures 92 can be easily removed from 
25 the reaction block 94. A sorbant layer 102 is disposed above the upper surface 98 of 
the reaction block 94 such that the wells 96 (or removable lining 100) and the 
sorbent layer 102 define vessels for containing the reaction mixtures 92. Typically, 
the reaction block 94 contains heating elements and temperature sensing devices— 
TCs, thermistors, RTDs, and the like— that communicate with a processor (not 
30 shown). The heating elements, temperature sensing devices, and the processor 
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comprise a temperature control system that maintains the temperature of each of the 
reaction mixtures 92 at one or more pre-selected values. Alternatively, the reaction 
block 94 can be surrounded by a temperature-controlled heating blanket or immersed 
in a temperature-regulated bath. 
5 The sorbent layer 102 shown in Fig. 3 is £ - ported on a solid layer 104 

though one may dispense with the solid layer 104 if the sorbent layer 102 is 
dimensionally stable and has the requisite mechanical strength. In addition, the 
sorbant layer 102 shown in Fig. 3 is discontinuous: regions 106 exist along the solid 
layer 104 that lack sorbent. These bare regions 106, which are located between the 
10 wells 96, help prevent cross contamination of reaction mixtures 92, and can be 
formed by bead blasting a TLC plate. 

Vapor from the reaction mixtures 92 fills the headspace 108 of each of the 
wells 96. During and/or following reaction, the vapor contacts the sorbent layer 102, 
trapping the component of interest. One can then measure the relative or absolute 
15 amount of the trapped component in accordance with the detecting 18 step of Fig. 1 . 
As discussed above, the fraction of the component of interest in the vapor phase is 
generally different than the fraction of the same component in the liquid phase, 
which may lead to difficulties in comparing data among reaction mixtures. To 
minimize this problem, the reaction mixtures 92 are usually completely vaporized at 
20 the conclusion of reaction by heating the reaction block 94 thereby trapping a 
substantial amount of the component of interest. 

Fig. 4 shows a cross-sectional view of another apparatus 120 that can be used 
to analyze reaction mixtures, especially those comprising catalyst library members 
122. Like the apparatus 90 shown in Fig. 3, it comprises a reaction block 124 having 
25 wells 126 formed along an upper surface 128 for containing the catalysts 122. Each 
of the wells 126 shown in Fig. 4 contain an optional removable lining 130, a glass 
insert, for example, so that the catalyst library members 122 can be easily removed 
from the reaction block P.4. A sorbant layer 132 is disposed above the upper surface 
128 of the reaction block 124 such that the wells 126 (or removable lining 130) and 
30 the sorbent layer 132 define vessels for containing the catalyst library members 122. 
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Typically, the reaction block 124 contains heating elements and temperature sensing 
devices— TCs, thermistors, RTDs, and the like— that communicate with a processor 
(not shown). The heating elements, temperature sensing devices, and the processor 
comprise a temperature control system that maintains the temperature of each of the 
5 catalyst library members 122 at one or more pre-selected values. Alternatively, the 
reaction block 124 can be surrounded by a temperature-controlled heating blanket or 
immersed in a temperature-regulated bath. 

The sorbent layer 1 32 shown in Fig. 4 is supported on an optional, gas 
permeable solid layer 134, and is discontinuous. As mentioned when describing Fig. 
10 3. these bare regions 136, which are located between the wells 126, help prevent 
migration of gas-phase reaction mixture components between adjacent catalyst 
library members 122, and can be formed by bead blasting aTLC plate. 

The apparatus 120 further comprises a cover 138 having an upper surface 
140 and a lower surface 142. which is disposed above the solid layer 134. Optio: al 
15 first 144 and second 146 gaskets, are sandwiched between the gas permeable solid 
layer 1 34 and either the upper surface 128 of the reaction block 124 or the lower 
surface 142 of the cover 138, respectively. The gaskets 144, 146. which can be made 
of any inert, resilient material, provide stress relief, and help prevent migration of 
reaction mixture components between catalyst library members 122. In addition, 
20 resilient spacers 148, located at the bottom 150 of each of the wells 126, prevent 
damage to the removable lining 130 due to compressive forces exerted by fasteners 
(not shown) used to seal the apparatus 120. 

Passageways 152 formed in the cover 138 extend from the upper 140 to the 
lower 142 surfaces of the cover 138 and provide flow paths for vapor phase 
25 components of the reaction mixtures. Thus, when screening catalyst library members 
122, one or more gaseous reactants enter the apparatus 120 through the passageways 
152, flow through the gas permeable solid layer 134 and porous sorbent layer 132 
and contact catalyst library members 122. Heating elements within the reaction 
block 124 provide thermal energy, if needed, to drive the reactions. Reaction 
30 products diffuse away from the library members 122 and contact the sorbent layer 
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1 32, which selectively traps one or more reaction products of interest. After the 
reactions are complete, one measures the relative or absolute amount of the trapped 
component in accordance with the detecting 18 step of Fig. 1. 

Fig. 5 shows a cross-sectional view of a portion of an apparatus 1 70 that can 
5 be used to screen catalyst library members 172 with both gas-phase and liquid-phase 
reactants. Like the apparatus 90, 120 shown in Fig. 3 and 4, it comprises a reaction 
block 174 having wells 176 formed along an upper surface 178 for containing 
catalyst library members 172. Though not shown, each of the wells 176 can 
optionally contain a removable lining so that the catalyst library members 172 and 
10 other condensed-phase components of the reaction mixtures can be easily removed 
from the reaction block 174. Generally, the reaction block 174 contains heating 
elements and temperature sensing devices-TCs, thermistors, RTDs. and the like- 
that communicate with a processor (not shown). The heating elements, temperature 
sensing devices, anc the processor comprise a temperature control system that 
15 maintains the temperature of each of the catalyst library members 172 at one or more 
pre-selected values. Alternatively, the reaction block 174 can be surrounded by a 
temperature-controlled heating blanket or immersed in a temperature-regulated bath. 

The apparatus 170 further comprises a cover 180 having an upper surface 
182 and a lower surface 184. The lower surface 184 of the cover 180 is disposed 
20 above the upper surface 178 of the reaction block 174, and along with the wells 176, 
define vessels 186 for containing the reaction mixtures. A gasket 188 is sandwiched 
between the reaction block 174 and the cover 180. The gasket 188, which can be 
made of any inert, resilient material, provides stress relief, and helps prevent 
migration of vapor-phase components of the reaction mixtures between vessels 186. 
25 Clamps 190 or similar compressive fasteners holds the various parts of the apparatus 
170 in place. 

First passageways 192 formed in the cover 180, extend from the upper 
surface 182 to the lower surface 184 of the cover 180, and provide flow paths for 
vapor phase components of the reaction mixtures. Each of the first passageways 192 
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contains a sorbent trap 194— a sorbent filled tube for trapping the component or 

components of interest. 

Though component trapping can occur during reaction, screening of catalysts 
involved in condensed phase reactions usual', mdertaken after reaction is complete. 

5 In this way, one may obtain an absolute measure of the amount of a particular 
reaction product formed by completely vaporizing each of the reaction mixtures. 
During this vaporizing step, gas-phase components of the reaction mixtures exit the 
vessels 186 through the sorbent traps 194, which selectively entrap the desired 
reaction product. Because the sorbent traps 194 are located in the cover 180, the 

10 trapped component can be analyzed by separating the cover 180 from the reaction 
block 174. The sorbent traps can have optional fittings 196 that provide connection 
to an analyzer such as a liquid chromatograph, gas chromatograph, or mass 
spectrometer. 

The apparatus 170 .aay further comprise second passageways 198 that are 
15 formed in the cover 180 and extend from the upper surface 182 to the lower surface 
184 of the cover 180. When screening catalyst library members 172, one or more 
gas-phase reactants are introduced into the vessels 186 through the second 
passageways 198 and contact the catalyst library members 172 where they react. 
Gas-phase reaction products diffuse away from the catalyst library members 172, 
20 and exit the vessels 186 through the first passageways 192 and sorbent traps 194. A 
check valve 200 in each of the second passageways 198 prevent gas-phase 
components from leaving the vessels 186 through the second passageways 198, and 
each of the sorbent traps 194 are fitted with a flow restrictor 202 which maintains a 
positive gauge pressure in the vessels 1 86. 
25 Finally, Fig. 6 shows a cross-sectional view of a portion of an apparatus 220 

that can be used to screen catalyst library members 222 with gas-phase reactants. 
Like the apparatus 170 shown in Fig. 5, the apparatus 220 comprises a reaction block 
224 having wells 226 formed along an upper surface 228 for containing catalyst 
library members 222. Though not shown, each of the wells 226 can optionally 
30 contain a removable lining so that the catalyst library members 222 and other 
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condensed-phase components of the reaction mixtures can be easily removed from 
the reaction block 224. Generally, the reaction block 224 contains heating elements 
and temperature sensing devices— TCs. thermistors. RTDs, and the like— that 
communicate with a processor (not shown). The heating elements, temperature 

5 sensing devices, and the processor comprise a temperature control system that 

maintains the temperature of each of the catalyst library members 222 at one or more 
pre-selected values. Alternatively, the reaction block 224 can be surrounded by a 
temperature-controlled heating blanket or immersed in a temperature-regulated bath. 
The apparatus 220 further comprises a cover 230 having an upper surface 

10 232 and a lower surface 234. The lower surface 234 of the cover 230 is disposed 
above the upper surface 228 of the reaction block 224, and along with the wells 226, 
define vessels 236 for containing the reaction mixtures. A gasket 238, which 
sandwiched between the reaction block 224 and the cover 230, can be made of any 
inert, resilient material; the gasket 238 provides stress relief, and helps prevent 

1 5 migration of vapor-phase components of the reaction mixtures between vessels 236. 
Clamps 240 or similar compressive fasteners holds the various parts of the apparatus 
220 together. 

First 242 and second 244 passageways are formed in the cover 230, and 
extend from the upper surface 232 to the lower surface 234 of the cover 230. The 
20 first passageways 242, whose inlets 244 and outlets 246 are located along the upper 
surface 232 and the lower surface 234 of the cover 230, respectively, provide flow 
paths for vapor phase components entering the vessels 236. The second passageways 
248, whose inlets 250 and outlets 252 are located along the lower surface 234 and 
the upper surface 232 of the cover 230, respectively, provide flow paths for vapor 
25 phase components leaving the vessels 236. Sorbent traps 254 are attached to the 
outlets 252 of the second passageways 248 via connectors 256. The connectors 256 
allow removal of the sorbent traps 254 after the contacting and trapping steps for 
remote analysis. 

When screening catalyst library members 222, one or more gas-phase 
30 reactants are introduced into the vessels 236 through gas reactant feed lines 258, 
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which are attached to the inlets 244 of the first passageways 242 using connectors 
260. The gas-phase reactants contact the catalyst library members 222 and react. 
Gas-phase reaction products diffuse away from the catalyst library members 222, 
and exit the vessels 236 through the second passageways 248 and sorbent traps 254. 

5 A check valve 262 in each of the gas reactant feed lines 258 prevent gas-phase 
components from leaving the vessels 236 through the first passageways 242, and 
each of the sorbent traps 254 are fitted with a flow restrictor 264 which maintains a 
positive gauge pressure in the vessels 236. In addition, the sorbent traps can have 
optional fittings 266 that provide connection to an analyzer such as a liquid 

10 chromatograph, gas chromatograph, or mass spectrometer. 

EXAMPLE 

The follow example is intended as illustrative and non-limiting, and 

1 5 represents a specific emb^iment of Uie present invention. 

The present invention was used to study the catalytic formation of aniline. 
The reaction was carried out in a multi-well reactor of the type shown in Fig. 3. One 
hundred microliters of a 0.0128 M solution of ammonia dissolved in benzene was 
charged to each of the wells, along with a catalyst comprising an oxide of either 
20 nickel, iron, or cobalt. Ammonia and benzene were allowed to react at 300 «C for 
four hours. Following reaction, fluid samples from each of the reaction mixtures 
were contacted with a silica gel sorbent to trap aniline present in the reaction 
mixtures. The silica gel was supplied on a TLC plate. 

Two methods were used to contact the sorbent with fluid samples from each 
25 of the reaction mixtures. In one method, 2 microliter aliquots from each of the 

reaction mixtures were spotted on the TLC plate using a pipette. In another method, 
the TLC plate was placed on the surface of the multi-well reactor. The reactor block 
was maintained at a temperature of 45 «C for 15 minutes, which completely 
vaporized (evaporated) the .eaction mixtures, and allowed vapor from each of the 
30 reaction mixtures to contact discrete areas of the silica gel layer. 
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For both contacting methods, an indicator reagent, fluorescamine (10- 
phenylspiro[2,3,3a,7a-tetrahydroindene-l,4 , -cyclopentene]-10-ene) was used to 
detect aniline trapped on the silica gel layer. A 1 50 ppm solution of fluorescamine 
dispersed in methylene chloride was sprayed on the TLC plates using a 
5 commercially-available TLC aerosol applicator. The reaction between aniline and 
fluorescamine occurred in about twenty seconds at room temperature. The 
fluorescent product formed had a persistent fluorescence that was detected using 
long wavelength ultraviolet excitation energy (390 nm); the resulting fluorescence 
signal (490 nm) was passed through a blue-green filter and collected using a CCD 
1 0 camera. A photograph of the TLC plate spotted with 2 microliter aliquots of the 
reaction mixtures and stained with fluorescamine is shown in Fig. 7. 

The fluorescent spots on the TLC plates were numerically integrated; a 
typical bar plot 280 of the integration data are shown in Fig. 8. Integrated 
fluorescence intensity for aniline standards trapped on the TLC plate along with 
15 aniline from the reaction mixtures is shown in the back row 282 of Fig. 8. Although 
the amount of aniline in the standards was apparently greater than the amount of 
aniline present in the reaction mixtures, normally the standards could be used to 
relate the fluorescence intensity to amount of aniline in the reaction mixtures. 

In a separate experiment, aniline standards were applied to a TLC plate and 
20 detected in a manner identical to the reaction mixtures. Integration of the 

fluorescence signal from the standards indicates that the method is capable of 
detecting on the order of 0.5 ng of aniline, and that the linear dynamic range for 
detection extends over three orders of magnitude. See Fig. 9. Since fluorescamine is 
not fluorescent, it can be applied in large excess without interfering with the 

25 detection of aniline. 

It is to be understood that the above description is intended to be illustrative 

. ... ...:n i . nM ront tn th««». nf skill in the art 

and not restrictive. Many emooaimenis win 

upon reading the above description. The scope of the invention should, therefore, i* 
determined not with reference to the above description, but should instead be 
determined with reference to the appended claims, along with the full scope of 



30 
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equivalents to which such claims are entitled. The disclosures of all articles 
references, including patent applications and publications, are incorporated 
reference for all purposes. 
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WHAT IS CLAIMED IS: 

1 . A method of analyzing reaction mixtures comprising the steps of: 
contacting a fluid sample from one of the reaction mixtures with a sorbent; 
trapping at least one component of the flui^ -ample cn the sorbent; and 
detecting the at least one component of the fluid sample trapped on the 

sorbent; 

wherein the contacting step, the trapping step, and the detecting step are 
carried out at least once for each of the reaction mixtures. 

2. The method of claim 1 , wherein the at least on component is a reaction 
product. 

3. The method of claim 1 , wherein the contacting step is carried out for at least 
two of the reaction mixtures simultaneously. 

4. The method oi" ciaim 1 , wherein the detecting step is carried out for the at 
least two of the reaction ..lixtures simultaneously. 

5. The method of claim 1 , wherein the fluid sample from each of the reaction 
mixtures is in contact with the sorbent for about the same amount of time. 

6. The method of claim 1 , wherein the fluid sample in the contacting step is a 
vapor. 

7. The method of claim 6, wherein the contacting step further comprises the 
step of vaporizing a portion of each of the reaction mixtures. 

8. The method of claim 7, wherein the vaporizing step comprises heating each 

of the reaction mixtures. 

9. The method of claim 6, further comprising the steps of: 

confining the reaction mixtures in wells formed in a surface of a reaction 
block; and 

disposing a layer ot trie soroent on me »una^ ui u»e * 

the vapor from each of the reaction mixtures contacts discrete areas of 
the layer during the contacting step. 
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10. The method of claim 9, wherein the layer of the sorbent is supported on a 
solid layer. 

11. The method of claim 10, wherein the solid layer is gas permeable. 

12. The method of claim 1 1 , wherein the contacting step further comprises the 
steps of: 

pressurizing at least one of the wells; and 

venting the vapor from the at least one of the wells through the solid layer. 

1 3. The method of claim 10, wherein the layer of the sorbent on the solid layer is 
discontinuous. 

14. The method of claim 6, further comprising the steps of: 
confining the reaction mixtures in vessels; and 

providing fluid communication between the vapor from each of the reaction 
mixtures and the sorbent. 

15. The method of claim 14, further comprising the step of placing the sorHent In 
one end of each of the vessels, so that the vapor from each of the reaction 
mixtures contacts the scrbent during the contacting step. 

1 6. The method of claim 14, wherein the contacting step further comprises the 
steps of: 

pressurizing at least one of the vessels; and 

venting at least one of the vessels so that the vapor flows through the sorbent. 

17. The method of claim 1 , wherein the fluid sample in the contacting step is a 
liquid. 

1 8. The method of claim 17, wherein the contacting step further comprises the 
steps of: 

withdrawing a predetermined amount of the fluid sample from one of the 

reaction mixtures; and 
applying the predetermined amount of the fluid sample on the sorbent. 
1 9 The method of claim 1 , wherein the detecting step further comprises the step 
of obtaining an absorption spectrum of the sorbent in order to detect the 
presence of the at least one component trapped on the sorbent. 
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20. The method of claim 1 9, wherein the absorption spectrum is obtained from 
an infrared region of the spectrum, an ultraviolet region of the spectrum, or a 
visible region of the spectrum. 

21. The method of claim 1 , wherein the detecting step further comprises the step 
of obtaining a nuclear magnetic resonance spectrum of the sorbent in order to 
detect the presence of the at least one component trapped on the sorbent. 

22. The method of claim 1, wherein the detecting step further comprises the steps 
of: 

removing the at least one component trapped on the sorbent; and 
identifying the at least one component removed from the sorbent by gas 

chromatography, liquid chromatography, mass spectroscopy, nuclear 
magnetic resonance spectroscopy, or absorption spectroscopy. 

23. The method of claim 22, wherein the removing step further comprises the 
step of heating the sorbent. 

24. The method of claim 23, wherein the removing step further comprises the 
step of washing the sorbent with a solvent. 

25. The method of claim 1 , wherein the detecting step further comprises the steps 

of: 

exposing the sorbent to an indicator reagent; and 

observing a change in appearance of the sorbent resulting from an interaction 
of the indicator reagent with the at least one component. 

26. The method of claim 25, wherein the interaction of the indicator reagent with 
the at least one component results in a change in color of the sorbent. 

27. The method of claim 25, wherein the detecting step further comprises the 
step of irradiating the sorbent with ultraviolet light; 

wherein the interaction of the indicator reagent with the at least one 

component results in a change in fluorescence of the sorbent during 
exposure to the ultraviolet light. 

28. The method of claim 25, wherein the observing step further comprises the 

steps of: 
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obtaining a signal that is a measure of the appearance of the sorbent; and 
comparing the signal to a calibration curve that relates the signal to an 

amount of the at least one component trapped on the sorbent. 
29. The method of claim 25, wherein the curving step comprises the steps of: 
obtaining a first signal that is a measure of the appearance of the sorbent 

resulting from the interaction of the indicator reagent with the at least 

one component; and 
comparing the first signal to a second signal that is a measure of the 

appearance of the sorbent resulting from the interaction of the reagent 

with a known amount of the at least one component. 
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30. A method of screening a group of catalysts comprising the steps of: 
combining each of the catalysts with at least one reactant so as to form a 

plurality of reaction mixtures; 
contacting a fluid sample from one of the reaction mixtures with a sorbent; 
trapping at least one component of the fluid sample on the sorbent; and 
detecting the at least one component of the fluid sample on the sorbent; 
wherein the contacting step, the trapping step, and the detecting step are 

carried out at least once for each of the reaction mixtures. 

31. The method of claim 30, wherein the at least on component is a reaction 
product. 

32. The method of claim 30, wherein the combining step is carried out for at 
least two of the reaction mixtures simultaneously. 

33. The method of claim 30, wherein the contacting step is carried out for at least 
two of the reaction mixtures simultaneously. 

34. The method of claim 30, wherein the detecting step is carried out for at least 
two of the reaction mixtures simultaneously. 

35. The method of claim 30, wherein the fluid sample from each of the reaction 
mixtures is in contact with the sorbent for about the same amount of time. 

36. The method of claim 30, wherein the at least one reactant is the same for 
each of the reaction mixtures formed in the combining step. 

37. The method of claim 30, wherein the fluid sample in the contacting step is a 
vapor. 

38. The method of claim 37, wherein the contacting step further comprises the 
step of vaporizing a portion of each of the reaction mixtures. 

39. The method of claim 38, wherein the vaporizing step comprises heating each 
of the reaction mixtures. 

Tha ™oth«H nf r.laim 37, wherein the combining step further comprises the 
step of confining each of the catalysts and the at least one reactant in wells 
formed in a surface of a reaction block so as to form the plurality of reaction 



mixtures. 
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41. The method of claim 40, further comprising the step of disposing a layer of 
the sorbent on the surface of the reaction block, so that the vapor from each 
of the reaction mixtures contacts discrete areas of the layer during the 

contacting step. 

42. The method of claim 4 1 , wherein the layer of the sorbent is supported on a 
solid layer. 

43. The method of claim 42, wherein the solid layer is gas permeable. 

44. The method of claim 43, wherein the contacting step further comprises the 
steps of: 

pressurizing at least one of the wells; and 

venting the vapor from the at least one of the wells through the solid layer. 

45. The method of claim 42, wherein the layer of the sorbent on the solid layer is 
discontinuous. 

46. The method of claim 37, wherein the combining step further comprises the 
steps of: 

confining each of the catalysts and the at least one reactant in vessels so as to 

form the plurality of reaction mixtures; and 
providing fluid communication between the vapor from each of the reaction 

mixtures and the sorbent. 

47 . The method of claim 46, further comprising the step of placing the sorbent in 
one end of each of the vessels, so that the vapor from each of the reaction 
mixtures contacts the sorbent during the contacting step. 

48. The method of claim 46, wherein the contacting step further comprises the 
steps of: 

pressurizing at least one of the vessels; and 

venting the at least one of the vessels so that the vapor from each of the 

tKr/Mioh the. sorbent. 
reaction uiiAiui&a nwro 

49. The method of claim 30, wherein the fluid sample in the contacting step is a 
liquid. 
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50. The method of claim 49, wherein the contacting step further comprises the 
steps of: 

withdrawing a predetermined amount of the fluid sample from one of the 

reaction mixtures; and 
applying the predetermined amount of the fluid sample on the sorbent. 
5 1 The method of claim 30, wherein the detecting step further comprises the 

step of obtaining an absorption spectrum of the sorbent in order to detect the 
presence of the at least one component trapped on the sorbent. 

52. The method of claim 5 1 , wherein the absorption spectrum is obtained from 
an infrared region of the spectrum, an ultraviolet region of the spectrum, or a 
visible region of the spectrum. 

53. The method of claim 30, wherein the detecting step further comprises the 
step of obtaining a nuclear magnetic resonance spectrum of the sorbent in 
order to detect the presence of the at least one component trapped on the 
sorbent. 

54. The method of claim 30, wherein the detecting step further comprises the 
steps of: 

removing the at least one component trapped on the sorbent; and 
identifying the at least one component removed from the sorbent by gas 

chromatography, liquid chromatography, mass spectrometry, nuclear 
magnetic resonance spectrometry, or absorption spectrometry. 

55. The method of claim 54, wherein the removing step further comprises the 
step of heating the sorbent. 

56. The method of claim 54, wherein the removing step further comprises the 
step of washing the sorbent with a solvent. 

57. The method of claim 30, wherein the detecting step further comprises the 

steps of : 

exposing the sorbent to an indicator reagent; and 

observing a change in appearance of the sorbent resulting from an interaction 
of the indicator reagent with the at least one component. 
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58. The method of claim 57, wherein the interaction of the indicator reagent with 
the at least one component results in a change in color of the sorbent. 

59. The method of claim 57, wherein the detecting step further comprises the 
step of irradiating the sorbent with ultraviolet light; 

wherein the interaction of the indicator reagent with the at least one 

component results in a change in fluorescence of the sorbent during 
exposure to the ultraviolet light. 

60. The method of claim 57, wherein the observing step further comprises the 
steps of: 

obtaining a signal that is a measure of the appearance of the sorbent; and 
comparing the signal to a calibration curve that relates the signal to an 
amount of the at least one component trapped on the sorbent. 

61. The method of claim 57, wherein the observing step comprises the steps of: 
obtaining a first signal that is a measure of the appearance of the sorbent 

resulting lorn the interaction of the indicator reagent with the at least 
one component; and 
comparing the first signal to a second signal that is a measure of the 

appearance of the sorbent resulting from the interaction of the reagent 
with a known amount of the at least one component. 
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62. An apparatus for analyzing reaction mixtures comprising: 

a reaction block having wells formed along an upper surface; 

a sorbent layer disposed above the upper surface of the reaction block such 

that the wells and the sorbent layer define vessels for containing the 

reaction mixtures; 

wherein the sorbent layer is adapted to trap at least one fluid component of 
the reaction mixtures. 

63. The apparatus of claim 62, wherein the reaction block further comprises 
heating elements. 

64. The apparatus of claim 62, wherein the reaction block further comprises a 
system for regulating temperature of the reaction mixtures. 

65. The apparatus of claim 62, wherein the wells each contain a removable 
lining. 

66. The apparatus u. r claim 62, wherein the sorbent layer is supported on a solid 
layer. 

67. The apparatus of claim 66, wherein the sorbent layer and the solid layer 
comprise a thin layer chromatography plate. 

68. The apparatus of claim 66, wherein the solid layer is gas permeable. 

69. The apparatus of claim 68, further comprising a cover having an upper 
surface and a lower surface, the lower surface of the cover disposed above 
the solid layer; and 

a plurality of conduits formed in the cover that provide passageways for 

vapor flow between each of the vessels and the upper surface of the 
cover. 
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70. An apparatus for analyzing reaction mixtures comprising: 
vessels for containing each of the reaction mixtures; and 
sorbent traps in fluid communication with the vessels; 

wherein the sorbent traps are adapted to trap at least one fluid component of 
the reaction mixtures. 

7 1 . The apparatus of claim 70, further comprising: 

a reaction block having wells formed along an upper surface; and 

a cover having an upper surface and a lower surface; 

wherein the cover is disposed above the upper surface of the reaction block 
such that the wells and the lower surface of the cover define the 
vessels for containing each of the reaction mixtures. 

72. The apparatus of claim 7 1 , wherein each of the vessels contain a removable 
lining. 

73. The apparatus of claim 71, wherein the sorbent traps are located in the 
vessels adjacent to the lower surface of the cover. 

74. The apparatus of ciaim 7 1 . further comprising passageways formed in the 
cover that extend from the lower surface of the cover to the upper surface of 
the reaction cover. 

75. The apparatus of claim 74, wherein the sorbent traps are located in at least 
some of the passageways. 

76. The apparatus of claim 74, wherein the passageways further comprise inlet 
passageways and outlet passageways, wherein the outlet passageways contain 
the sorbent traps and the inlet passageways are adapted to provide a 
component of the reaction mixtures to each of the vessels. 

77. The apparatus of claim 74, wherein the sorbent traps are located external to 
the cover and communicate with the vessels through the passageways. 

... _ . • n ..m*i<- fnrtVior rnmnriw. inlet 

78. The apparatus of claim 74, wnerein me ^aaaa 6& ««j- r 

passageways and outlet passageways, wherein the sorbent traps communicate 
with the vessels through the outlet passageways, and the inlet passageways 



—31— 



Li 



WO 00/14529 



PCTAJS99/20380 



are adapted to provide a component of the reaction mixtures to each of the 
vessels. 

79. The apparatus of claim 70, further comprising heating elements in thermal 
contact with the vessels. 

80. The apparatus of claim 70, further comprising a temperature control system 
for regulating the temperature of the reaction mixtures. 
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81. An apparatus for screening reaction mixtures, wherein at least one 

constituent of the reaction mixtures is contained in depressions located along 
a top surface of a planar substrate, the apparatus comprising: 
a heating block adapted to support the r'-w subs'rate and to provide 
thermal contact with a bottom surface of the planar substrate; 
a gas permeable sorbent layer having an upper surface and a lower surface, 
wherein the lower surface of the sorbent layer is disposed above the 
top surface of the planar substrate, and the sorbent layer is adapted to 

trap at least one vapor phase component of the reaction mixtures; 
a cover having an upper surface and a lower surface, the lower surface of the 
reactor cover disposed above the upper surface of the sorbent layer; 
and 

passageways formed in the cover that extend from the lower surface of the 
cover to the u^per surface of the cover and provide flow paths for 
vapor phase components of the reaction mixtures from the upper 
surface of the cover to the at least one constituent of the reactive 
mixture. 

82. The apparatus of claim 8 1 , wherein the heating block further comprises a 
system for regulating temperature of the reaction mixtures. 

83. The apparatus of claim 8 1 further comprising a gas permeable solid layer 
having an upper surface and a lower surface, wherein the sorbent layer is 
supported on one of the upper surface of the gas permeable solid layer and 
the lower surface of the gas permeable solid layer. 

84. The apparatus of claim 83, wherein the solid layer is a frit, quartz paper, or a 
wire mesh. 

85. The apparatus of claim 84, wherein the frit is made of glass, polyethylene, or 
polytetrafluoroethylene. 

°6. The apparatus of claim 83, wherein the sorbent layer is discontinuous. 
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87. The apparatus of claim 86, wherein the sorbent layer is disposed in 

depressions formed along one of the upper surface of the gas permeable solid 
layer and the lower surface of the gas permeable solid layer. 



—34— 



WO 00/14529 



PCTAJS99/20380 



1/8 



10 



/ 



12 



Reaction Mixtures 



Contact a Fluid Sample from 
one of the Reaction Mixtures 
with a Sorbent 



14 



Trap at least one Component 
on the Fluid Sample on the 
Sorbent 



Detect the at least one 
Component Trapped on the 
Sorbent 



Fig. 1 



SUBSTITUTE SHEET (RULE 26) 




Fig. 2 



SUBSTITUTE SHEET (RULE 28) 



WO 00/14529 



3/8 



PCT/US99/20380 



90 




Fig. 4 



SUBSTITUTE SHEET (RULE 26) 



WO 00/14529 



PCT/US99/20380 



4/8 



170 




Fig. 5 



SUBSTITUTE SHEET (RULE 26) 




Fig. 6 



SUBSTITUTE SHEET (RULE 26) 



WO 00/14529 



PCT7US99/20380 



6/8 



• 



• 





FIG. 7 



SUBSTITUTE SHEET (RULE 26) 



WO 00/14529 



7/8 



PCT/US99/20380 




(ti e) A)!sueiu| eoueosoioni j 



SUBSTITUTE SHEET (RULE 26) 



WO 00/14529 



8/8 



PCT/US99/20380 




(ne) Ajisuojui aoueosejonu 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



tnicnv il Application No 

PCT/US 99/203801 



A. CXASSiriGATION Of* SUMJI-CI' MATfliR 

G01N31/02,G01N33/00,B01J19/00 

According to Intemauonal rucm (Jxxaftcjtioo <[|*C) or to both national clasaficauon and U'C J 



II. ( Mil.nS SI-AKCIIIil) 



Minimum documentation searched (dainGcauon syftcm followed by daxnucation symbols) 



GO IN , BO 1 J 



Documentation searched other than minimum documentation to the extent that such documents arc included in (he fields searched 



Electronic data base consulted during the international search (name df data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " 



Citation of document, with indication, where appropriate, of the relevant passages 



X,P 



X,P 



WO 98/56796 A 

(SYMYX TECHNOLOGIES) 
17 December 1998, 
the whole document. 

WO 99/05318 A 

(SYMYX TECHNOLGIES) 
04 February 1999, 
the whole document. 

WO 98/03521 A 

(SYMYX TECHNOLOGIES) 

29 January 1998, 

the whole document 

(cited in the application) 



. Relevant to daim No. 



1-87 



1-87 



1-87 



Further documents are listed in the continuation of box C 



□ 



Patent family members arc listed in annex. 



* Special categories of cited documents : 

'A* document defining the general state of the an which is not 

considered to be of particular relevance 
L* earlier document but published oo or after the intertutional 
filing date 

X* document which may throw doubts on priority ctaim(s) or ' 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

*0' document referring to an oral disclosure, use, exhibition or 
other means 

'?' document published prior to the international filing date but 
later than the pnorily date claimed 



T later document published after the international Cling date 
or priority dale and not in conflict with the appUc*Qon but 
cited to understand the principle or theory underlying the 
invention 

*X* document of particular relevance; me- daimed invention 
cannot be considered novel or cannot be conndered to 
involve an inventive step when the document ts taken alone 

*Y* document of particular relevance; the cUiined invention 
cannot be considered to involve an inventive su^ when.tne 
document is combined with one or more other such -ecu* 
menu, such combination being obvious to a. person sxuica 
in the art. 

*&* document member of the same patent family 



Oatc of the actual completion of the international search 

12 December 1999 



Date of muling of the international search report 

2S 01 2000 



Name and mailing address of the ISA 

European Patent Office, P.O. Hit Patcntlaan 2 
HI • 2240 HV Rjjswijk 
Td.(* 31-70) )40-2040,Tx.]l 651 cponl. 
Far(* 31-70) 14O.J0I6 



Authorized officer 



TENGLER e.h. 



Fonn PCT/tSA/210 <iccm4 thm) O^'f Iff?) 



ft 



ANHANG 

Zum intemationalen Recherche nbe- 
richt Ober die Internationale Patent- 
anmetdung Nr. 

In diesem Anhang sind die Mitglieder der 
Patentfamilien der im obengenannten 
intemationalen Recherchenbericht 
ngefuhrten Patentdokumente angegeben. 
Diese Angaben dienen nur zur 
Unterrichtung und erfolgen ohne Gewahf . 

Im Recherchenbericht 
angefuhrte Patentdokumente 
Patent document cited 

in search report 
Document de brevet cite 
dana le rapport d e recherche 

"A! 9856796 



ANNEXE " - 

Au rapport de recherche inter- 
national relativ a la demande de 
brevet international n' 



ANNEX 

To the International Search 
Report to the international Patent 
Application No. 

PCTAJS 99/20380 SAE 249582 =' 

La presente annexe indique tes membres de 
la famille de brevets retatife aux documents 
de brevets cites darts le rapport de 
recherche international visee cWessus. Les 
renseignements foumis sont donnes a titre 



This annex lists the patent family members 
relating to the patent documents cited in the 
above-mentioned search report 
The European Patent Office is in no way 
liable for these particulars which are merely 
given for the purpose of information. 



indicatif et n'engagent pas ta responsftxlite 
der Office. 



Datum der 
Veroffentlichung 
Publication 
date 
Date de 
publication 



WO Al 9905318 



MitgUed(er) der 
Patentfamilie 
Patent family 
member(s) 
Membre(s) de la 
famille de brevets 



AU 
EP 
AU 
AU 
AU 
AU 
AU 
EP 
EP 
WO 
WO 
WO 

wo 
wo 
wo 
wo 
us 

AU 
EP 
WO 
US 
AU 
CN 
CZ 
EP 

HR 

JP 

PL 

WO 

US 

GB 

GB 

GB 

EP 

AU 

AU 

AU 

AU 

AU 

AU 
EP 
EP 
WO 

wo 

WO 
WO 

wo 
wo 
wo 



Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
A2 
A2 
A3 
Al 
Al 
A 
Al 
Al 
Al 
A 
Al 
A 
A3 
Al 
Al 
T2 
Al 
Al 
A 
AO 
AO 
AO 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
A2 
A2 
A3 
Al 
Al 



78016/98 
920436 
46734/97 
47493/97 
48120/97 
49024/97 
84997/98 
934515 
950114 
9815805 
9815813 
9815501 
9815969 
9815501 
9905154 
9905318 
5959297 
37418/97 
923590 
9803521 
5887945 
32203/97 
1219931 
9803914 
906300 
970289 
11511753 
330227 
9745420 
5883267 
9622816 
9622831 
9613110 
950114 
46734/97 
47493/97 
48120/97 
49024/97 
78016/98 
84997/98 
920436 
934515 
9815805 
9815813 
9815501 
9815969 
9815501 
9856796 
9905154 



Datum der 
VerOffentUchung 
Publica t ion 
date 
Datede 
publication 

30-12-1998 

09- 06-1999 
05-05-1998 
05-05-1998 
05-05-1998 
05-05-1998 
16-02-1999 

11- 08-1999 
20-10-1999 
16-04-1998 
16-04-1998 
16-04-1998 
16-04-1998 
25-06-1998 
04-02-1999 

04- 02-1999 

28- 09-1999 

10- 02-1998 
23-06-1999 

29- 01-1998 

30- 03-1999 

05- 01-1998 
16-06-1999 
14-04-1999 

07- 04-1999 
30-04-1998 

12- 10-1999 
10-05-1999 

04- 12-1997 
16-03-1999 

08- 01-1997 
08-01-1997 
28-08-1996 
20-10-1999 

05- 05-1998 
05-05-1998 
05-05-1998 
05-05-1998 
30-12-1998 
16-02-1999 
09-06-1999 
11-08-1999 
16-04-1998 
16-04-1998 
16-04-1998 

16- 04-1998 
25-06-1998 

17- 12-1998 
04-02-1999 




ANHANG 

Zum intemationaten Recherchenbe- 
richt Ober die Internationale Patent- 
anmeWung Nr. 



In diesem Anhang sind die Mitgtieder der 
Patentfamiiien der im obengenannten 
intemationalen Recherchenbericht 
angefuhrten Patentdokumente angegeben. 
Oiese Angaben dienen nur zur 
Unterrichtung und erfolgen ohne Gewahr. 



ANNEX ANNEXE 

To the International Search Au rapport de recherche Inter- 

Report to the international Patent national relator a la demande de 

Application No. brevet international n* 

PCT/US 99/20380 SAE 249582 

La presente annexe indique les membres de 
la famille de brevets relattfs aux documents 
de brevets cites dans le rapport de 



This annex lists the patent family members 
relating to the patent documents cited in the 
above-mentioned search report 
The European Patent Office is in no way 
liable for these particulars which are merely 
given for the purpose of trifbrmation. 



recherche international visee cntessus. Les 
renseignements foumis sont dortnes a titre 
indfcatif et n'engagent pas la responsibiite 
der Office. 



tm Recherchenbericht 


Datum der 




Mitglied(er)der 


L/acum oof 


angefQhrte Patentdokumente 


VeroffentJichung 




Patentfamilie 


Veroff entfich ung 


Patent document cited 


Publication 




Patent family 


Publication 


in search report 


date 




members) 


date 


Document de brevet cite 


Date de 




Membre<s) de la 


Date de 


dans le rapport de recherche 


publication 




famfflede brevets 


publication 




US 


A 


5959297 


28-09-1999 




AU 


Al 


37418/97 


10-02-1998 




CP 


Al 


923590 


23-06-1999 




HO 


Al 


9803521 


29-01-1998 




US 


A 


5887945 


30-03-1999 




AU 


Al 


32203/97 


05-01-1998 




CN 


A 


1219931 


16-06-1999 




CZ 


A3 


9803914 


14-04-1999 




EP 


Al 


906300 


07-04-1999 




HR 


Al 


970289 


30-04-1998 




JP 


T2 


11511753 


12-10-1999 




PL 


Al 


330227 


10-05-1999 




WO 


Al 


9745420 


04-12-1997 




US 


A 


5883267 


16-03-1999 




GB 


AO 


9622816 


08-01-1997 




GB 


AO 


9622831 


08-01-1997 




GB 


AO 


9613110 


28-08-1996 


WO Al 9803521 


29-01-1998 


AU 


Al 


37418/97 


10-02-1998 




AU 


Al 


46734/97 


05-05-1998 




AU 


Al 


47493/97 


05-05-1998 




AU 


Al 


48120/97 


05-05-1998 




AU 


Al 


49024/97 


05-05-1998 




EP 


Al 


934515 


11-08-1999 




US 


A 


5959297 


28-09-1999 




WO 


Al 


9815805 


16-04-1998 




WO 


Al 


9815813 


16-04-1998 




WO 


A2 


9815501 


16-04-1998 




WO 


A2 


9815969 


16-04-1998 




WO 


A3 


9815501 


25-06-1998 




EP 


Al 


923590 


23-06-1999 




AU 


Al 


78016/98 


30-12-1998 




EP 


Al 


920436 


09-06-1999 




WO 


Al 


9856796 


17-12-1998 




AU 


Al 


84997/98 


16-02-1999 




EP 


Al 


950114 


20-10-1999 




WO 


Al 


9905154 


04-02-1999 




WO 


Al 


9905318 


04-02-1999 




US 


A 


5887945 


30-03-1999 




AU 


Al 


32203/97 


05-01-1998 




CN 


A 


1219931 


16-06-1999 




CZ 


A3 


9803914 


14-04-1999 




EP 


Al 


906300 


07-04-1999 




HR 


Al 


970289 


30-04-1998 




JP 


T2 


11511753 


12-10-1999 




PL 


Al 


330227 


10-05-1999 




WO 


Al 


9745420 


04-12-1997 




US 


A 


5883267 


16-03-1999 




GB 


AO 


9622816 


08-01-1997 




GB 


AO 


9622831 


08-01-1997 





For more details about this annex see Official J umal of the European Patent Office. No. 12/82. 



Im Recherchenbericht 


Datum der 


Mitglied<er)der 


Datum der 


angefOhrte Patentdokumente 


Veroffenttichung 


Patentfamifie 


Veroffentlichung 


Patent document cited 


Publication 


Patent family 


Publication 


In search report 


date 


membetva/ 


date 


Document de brevet cite 


Datede 


Membre(s) de la 


Datede 


dans le rapport de recherche 


publication 


famiBe de brevets 


publication 



ANHANG 

Zum intemationaten Recherchenbe- 
richt Qber die Internationale Patent- 
anmeWung Nr. 



In diesem Anhang sind die Mitglieder der 
Patentfamilien der im obengenannten 
intemationaten Recherchenbericht 
angefOhrten Patentdokumente angegeben. 
Diese Angaben dienen nur zur 
Untemchtung und erfotgen ohne Gewahr. 



ANNEX 

To the International Search 
Report to the international Patent 
Application No. 

PCT/US 99/20380 SAE 249582 

This a.uiex lists the patent family members 
relating to the patent documents cited In the 
above-mentioned search report 
The European Patent Office is in no way 
liable for these particulars which are merely 
given for the purpose of information. 



ANNEXE " - 

Au rapport de recherche inter-— 
national relauV a la demande de 
brevet international n* 



La presente annexe indrque les membres de 
la famiile de brevets relatrfs aux documents 
de brevets cites dans le rapport de 
recherche international visee cntessus. Les 
renseignements foumis sont donnes a titre 
indicatrf et n'engagent pas la responsibiltte 
der Office. 



GB AO 9613110 



28-08-1996 



d tails about this ann x see Official Journal of th European Patent Office. N . 12/82. 



3 



